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(54) POSITION CONTROLLER FOR MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a position controller ^,(p 
for a motor, allowing increase of a feedforward gain to 100% 
to improve followability. 

SOLUTION: In this position controller, by executing 
proportional differential control (1 17 r 118) to feedforward 
multiplication output of a position control part 1 1 A, delay 
compensation for a speed instruction is executed. A speed 
control part 13 includes a speed control side delay 
compensation low-pass filter 1 33 having a transfer function 
corresponding to a delay of a speed control system. The 
speed control part 13 comprises: an integral control system 
including a speed integrator integrating a speed deviation 
between a speed and a delay speed instruction obtained by 
inputting the speed instruction to the low-pass filter 133; a 
proportional control system outputting an instruction 

proportional to the speed instruction; and a multiplication " m% C'~ r C 

means multiplying a value obtained by adding output of the 
integral control system and output of the proportional 
control system by a speed proportional gain, and outputting 

it as a torque instruction. The position controller is provided with a speed feedback low-pass filter 
having a transfer function blocking that ripple caused by a quantization error and/or a position 
error of the position detection part appears in the torque instruction. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

The location detecting element which detects the location of the motor which is a controlled 
system, 

The rate calculation section which computes the rate of said motor, 

The position control section which outputs a rate command and carries out position control so that 
the location of said motor and location command which were fed back from said location detecting 
element may be in agreement, 

The speed-control section which outputs a torque command and performs speed control by 
proportional-plus-integral control so that said rate fed back from said rate calculation section and 
said rate command may be in agreement, 

In the positional controller of the motor equipped with the torque control section which performs a 
torque control based on said torque command, 

Said position control section is a subtraction means to search for the position error of said location 
command and said location detected by said location detecting element, 

The location loop-formation multiplication means which carries out the multiplication of the location 
proportional gain to said position error, 

The differentiator which differentiates said location command, 

The feed forward gain multiplication means which carries out the multiplication of the feed forward 
gain to the output of said differentiator, 

A proportion differential means to carry out proportional plus derivative control of the output of said 
feed forward gain multiplication means, and to compensate the delay of a speed-control system, 
The feed forward low pass filter which has the transfer function which removes the ripple by the 
quantization error of said location command, and carries out filtering of the aggregate value of the 
output of said proportion differential means, and the output of said feed forward gain multiplication 
means, 

The positional controller of the motor characterized by having an addition means to add the output 
of said feed forward low pass filter, and the output of said location loop-formation multiplication 
means, and to output said rate command. 
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[Claim 2] 

It has further the position control side delay compensation low pass filter which has a transfer 
function equivalent to the delay of a speed-control system, 

The positional controller of the motor according to claim 1 characterized by inputting said location 
command into said subtraction means through said position control side delay compensation low 
pass filter. 
[Claim 3] 

Said speed-control section 

The speed-control side delay compensation low pass filter which has a transfer function equivalent 
to the delay of a speed-control system. 

The integral control system constituted including the rate integrator which integrates with the 
velocity error of the delay rate command which inputted said rate command into said speed-control 
side delay compensation low pass filter, and obtained it, and said rate, 

The proportional control system which outputs the command proportional to the difference of said 
rate command and said rate, 

An addition means to add the output of said integral control system, and the output of said 
proportional control system, 

The positional controller of the motor possessing a multiplication means to multiply the output of 
said addition means by the example gain of a velocity ratio, and to obtain said torque command 
according to claim 1 or 2. 
[Claim 4] 

Said speed-control section 

The speed-control side delay compensation low pass filter which has a transfer function equivalent 
to the delay of a speed-control system, 

The integral control system which multiplies by it and outputs the example gain of a velocity ratio to 
the operation value in a control system including the rate integrator which integrates with the 
velocity error of the delay rate command which inputted said rate command into said speed-control 
side delay compensation low pass filter, and obtained it, and said rate, 

The proportional control system which outputs the command which multiplied the difference of said 
rate command and said rate by the example gain of a velocity ratio, 

The positional controller of the motor according to claim 1 or 2 characterized by consisting of 
addition means to add the output of said integral control system, and the output of said proportional 
control system. 
[Claim 5] 

The location detecting element which detects the location of the motor which is a controlled 
system, 

The rate calculation section which computes the rate of said motor, 

The position control section which outputs a rate command and carries out position control so that 
the location of said motor and location command which were fed back from said location detecting 
element may be in agreement, 

The speed-control section which outputs a torque command and performs speed control by 
proportional-plus-integral control so that said rate fed back from said rate calculation section and 
said rate command may be in agreement, 

In the positional controller of the motor equipped with the torque control section which performs a 
torque control based on said torque command. 
Said position control section, 

The differentiator which differentiates said location command, 

The feed forward gain multiplication means which carries out the multiplication of the feed forward 
gain to the output of said differentiator, 

A proportion differential means to carry out proportional plus derivative control of the output of said 
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feed forward gain multiplication means, and to compensate the delay of a speed-control system, 
The f eec j forward low pass filter which has the transfer function which removes the ripple by the 
quantization error of said location command, and carries out filtering of the aggregate value of the 
output of said proportion differential means, and the output of said feed forward gain multiplication 
means. 

The integrator which integrates with the deflection of the output of said differentiator, and the 
differential value of said location detected by said location detecting element, and outputs said 
position error to said location loop-formation multiplication means, 

The location loop-formation multiplication means which carries out the multiplication of the location 
proportional gain to the output of said integrator, 

The positional controller of the motor according to claim 4 characterized by providing an addition 
means to add the command outputted from said location loop-formation multiplication means, and 
the rate feed forward command outputted from said feed forward low pass filter, and to output as 
said rate command. 
[Claim 6] 

The position control side delay compensation low pass filter which has a transfer function equivalent 
to the delay of a speed-control system is arranged between said differentiators and said integrators, 

The positional controller of the motor according to claim 5 characterized by inputting into said 
integrator the deflection of the output of said differentiator which passed along said position control 
side delay compensation low pass filter, and the differential value of said location. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the positional controller of the motor suitable for controlling the location of 
the motor for high-speed positioning used [ especially ] for a machine tool, semiconductor 
fabrication machines and equipment, etc. about the positional controller of a motor. 
[0002] 

[Description of the Prior Art] 

As a positional controller of the conventional motor, there is a control unit as shown in drawing 15 
[refer to drawing 1 of JP,10-254550,A (patent reference 1)]. With this equipment, the deflection of a 
location command and a position feedback is computed with the subtractor contained in the position 
control section, and this deflection is processed in the position control section, and is outputted as 
a rate command. And the deflection of the rate feedback and the rate command which changed and 
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obtained the position feedback outputted from Encoder E in the rate calculation section 2 is 
computed with the subtractor contained in the speed-control section 3. This deflection is processed 
within the speed-control section 3, and the speed-control section 3 outputs a torque command to 
the torque control section 4. The torque control section 4 controls the current which flows on 
Motor M so that the torque as a torque command may be outputted from Motor M. 
[0003] 

Usually, the position control section 1 in this equipment is constituted as the proportional control (P 
control) section, and the speed-control section 3 consists of the proportional-plus-integral control 
(PI control) sections. The PI control section which constitutes the conventional speed-control 
section 3 has the configuration shown in drawing 16 . In this PI control section, the deflection of a 
rate command and rate feedback is computed with Subtractor SB, and that deflection is inputted 
into Adder AD through the proportional control system of gain 1. By the integral control system, 
after carrying out the multiplication of the integral gain to deflection with a multiplier 31, the rate 
integrator 32 is integrated with this deflection, and it inputs into Adder AD. Adder AD adds the 
output of a proportional control system, and the output of an integral control system, outputs them 
to a multiplier 33, and a multiplier 33 carries out the multiplication of the proportional gain to the 
output of Adder AD, and it outputs it as a torque command. Thus, not only the transient deviation of 
a rate but steady-state deviation can be controlled by constituting the speed-control section 3 
from the PI control section. 
[0004] 

Moreover, the control approach of a servo motor of acquiring the servo system which raised 
responsibility and was stabilized is indicated by differentiating a location command in JP,3-15911,A 
(patent reference 2), calculating the amount of a location of feed forward, adding the amount of the 
rate which adds the above-mentioned amount of feedforward control to the controlled variable 
obtained by location loop control, considers as a rate command, differentiates the amount of a 
location of feedforward control, and is obtained of feedforward control to the value acquired by rate 
loop control, and considering it as a current command. 
[0005] 

[Patent reference 1] JP, 10-254550, A ( drawing 1 ) 
[0006] 

[Patent reference 2] JP,3-1591 1,A ( drawing 1 ) 
[0007] 

[Problem(s) to be Solved by the Invention] 

Although flattery nature has improved by raising feed forward gain in the conventional control unit, 
when feed forward gain was raised to 100%, there was a problem that a transient overshoot became 
large. Since the quality of a workpiece is degraded, it is necessary to control a transient overshoot 
as much as possible. Drawing 7 carries out simulation of the position control actuation when making 
feed forward gain into 0% in the conventional control unit. Thus, when feed forward gain is small, a 
transient overshoot is small, but a transient overshoot will become large if feed forward gain is made 
1 00% like drawing 9 . For this reason, like drawing 8 , it was made about 50% of feed forward gain, 
and it is the range where a transient overshoot does not become large, and flattery nature is 
improved conventionally. 
[0008] 

a control theory like — feedforward control — **** — when the target property is known, it is 

good to count a control input backward so that a controlled variable may be in agreement with 
desired value, the conventional control system — when the controlled system in the case of being 
and performing position control is regarded as a speed-control system, a control input is a rate 
command and a controlled variable is a location. If a speed-control system is approximated with the 
easiest model, it can express with a first order lag, and it will become primary progress if the inverse 
function of a controlled system is taken. Conventionally, since this was performed by the fixed 
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guarantee, compensation over a part for high order delay was not completed, but the transient 

overshoot had been produced. 

[0009] 

Moreover, there is a problem of the rate command outputted from a position control machine as 
another factor. Generally, even if the response of a control system is limited and outputs a rate feed 
forward command, that rate feedback answers takes time amount. Although a rate feed forward 
command is outputted and a motor starts actuation, a rate command will be outputted from a 
position control machine according to the position error produced after a rate feed forward 
command is outputted before rate feedback answers. And while the motor is rotating by fixed **, 
although this position error decreases, at the time of a motor slowdown, a position error is produced 
again and a rate command is outputted. 
[0010] 

Thus, since the rate command produced according to the position error was added to a rate feed 
forward command, the rate command beyond the rate command originally needed was given, and the 
transient overshoot had been produced. 
[0011] 

Furthermore, there is a problem of a speed-control machine as another factor. The speed-control 
machine consists of PI control, and usually has composition as shown in drawing 16 . Drawing 7 
thru/or drawing 9 are as a result of [ at the time of using the conventional speed-control machine ] 
simulation. Since the response of a control system is limited, even if a rate command is given, 
before rate feedback answers, time amount will be taken, and the rate integrator is integrating in the 
meantime. The time response of a speed-control machine was falling by the charge and discharge of 
this integrator, and the transient overshoot had arisen also by this. As mentioned above, in the 
conventional control unit, having constituted the function of a feed forward system from a 
proportion system and that the position control system was constructed, without taking the 
response delay of a rate system into consideration, and by having constructed the speed-control 
machine, without taking the response of a speed-control system into consideration, the transient 
overshoot was able to be produced and feed forward gain was not able to be raised to 100%. For this 
reason, there was a problem of being limited in improvement in flattery nature. 
[0012] 

The object of this invention makes it possible to solve the conventional problem and to raise feed 
forward gain to 100%, and is to offer the motor positional controller which raised flattery nature. 
[0013] 

[Means for Solving the Problem] 

The location detecting element which detects the location of a motor whose this invention is a 
controlled system, and the rate calculation section which computes the rate of a motor, By 
proportional-plus-integral control with the position control section which outputs a rate command 
and carries out position control so that the location of a motor and location command which were 
fed back from the location detecting element may be in agreement It considers as the object of 
amelioration of the positional controller of the motor equipped with the speed-control section which 
outputs a torque command and performs speed control so that the rate and rate command which 
were fed back from the rate calculation section may be in agreement, and the torque control section 
which performs a torque control based on a torque command. 
[0014] 

A subtraction means by which the position control section of this invention searches for the 
position error of a location command and the location detected by the location detecting element, 
The location loop-formation multiplication means which carries out the multiplication of the location 
proportional gain to a position error, and the differentiator which differentiates a location command, 
The feed forward gain multiplication means which carries out the multiplication of the feed forward 
gain to the output of a differentiator, A proportion differential means to carry out proportional plus 
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derivative control of the output of a feed forward gain multiplication means, and to compensate the 
delay of a speed-control system, It has the transfer function which removes the ripple by the 
quantization error of a location command. The feed forward low pass filter which carries out filtering 
of the aggregate value of the output of a proportion differential means, and the output of said feed 
forward gain multiplication means, It has an addition means to add the output of a feed forward low 
pass filter, and the output of a location loop-formation multiplication means, and to output a rate 
command. 
[0015] 

If proportional plus derivative control of the feed forward multiplication output is carried out in the 
position control section like this invention, the property of primary progress can be acquired, the 
delay of a speed-control system is compensated, and the flattery nature to a location command can 
be improved. Moreover, if a speed-control side delay compensation low pass filter is used, a rate 
integrator will collect by the ability making into the thing near zero deflection of the rate command 
with the delay equivalent to the delay of a speed-control system, and the rate of the rate feedback 
which is actually late, and an amount will be mostly made to zero. Moreover, even when raising feed 
forward gain to 100%, the small control system of a transient overshoot can be constituted, and 
position control which raised flattery nature more can be realized. Moreover, if a feed forward low 
pass filter is used, it can prevent that the ripple based on the quantization error which the location 
command section becomes a cause and is generated is contained in rate command itself. 
[0016] 

Moreover, the position control side delay compensation low pass filter which has a transfer function 
equivalent to the delay of a speed-control system is prepared further, and you may make it input 
into a location loop-formation multiplication means the position error of the location command which 
passed along this position control side delay compensation low pass filter, and the location of a 
position feedback. Moreover, when integrating an integrator with the output of the differentiator 
which differentiates a location command, and the deflection of the differential value of a location 
and searching for a position error, the position control side delay compensation low pass filter which 
has a transfer function equivalent to the delay of a speed-control system is arranged between a 
differentiator and an integrator, and you may make it input into an integrator the deflection of the 
output of a differentiator and the differential value of a location which passed along the position 
control side delay compensation low pass filter. 
[0017] 

It is made for the location command and position feedback which are inputted into the position 
control section at the time of acceleration to start to a coincidence term mostly by preparing such 
a position control side delay compensation low pass filter. Consequently, the rate command from the 
position control section becomes a quite small value. If such a configuration is adopted, rate feed 
forward gain can be made into the value near 1 or 1, and the flattery nature to a location command 
can be improved. 
[0018] 

Moreover, the speed-control side delay compensation low pass filter which has the transfer function 
which is equivalent to the delay of a speed-control system in the speed-control section in this 
invention, The integral control system constituted including the rate integrator which integrates with 
the velocity error of the delay rate command and rate which inputted the rate command into the 
speed-control side delay compensation low pass filter, and obtained it, It constitutes from an 
addition means to add the proportional control system which outputs the command proportional to 
the difference of a rate command and a rate, and the output of an integral control system and the 
output of a proportional control system, and a multiplication means to multiply the output of this 
addition means by the example gain of a velocity ratio, and to output as a torque command. In 
addition, in a proportional control system, the multiplication of the example gain of a velocity ratio is 
carried out to a velocity error, and the operation value under control is multiplied by the example 



fiIe://C:\Documents and Settings\PasosY\My Documents\JPOEn\JP-A-2004-288012.html 



7/26/2006 



JP-A-2004-288012 



Page 8 of 22 



gain of a velocity ratio, and you may make it output to it in an integral control system. If a speed- 
control side delay compensation low pass filter is used like this invention, the deflection of the rate 
command with the delay equivalent to the delay of a speed-control system and the rate of the rate 
feedback which is actually late will become a thing near zero. Therefore, a rate integrator collects, 
an amount is mostly made into zero, and the flattery nature to a location command can be improved. 

[0019] 

When the precision of a location detecting element (for example, encoder) is bad, the ripple from 
which the quantization error and the position error became a cause may be contained in rate 
feedback. So, in order to cope with it in such a case, it is desirable to prepare the rate feedback low 
pass filter which has the transfer function with which the ripple which the quantization error and/or 
position error of a location detecting element become a cause, and is generated prevents to appear 
in a torque command. In this case, a proportional control system is constituted including a 
subtraction means to ask for the deflection of the rate after filtering which inputted the rate into 
the rate feedback low pass filter, and obtained it, and a rate command. In addition, if what has a high 
precision and resolution is used as a location detecting element, since a position error will also 
become small, it is not necessary to adopt such a configuration. 
[0020] 

As for the position control section, it is desirable to constitute from a subtraction means to search 
for the position error of a location command and the location detected by the location detecting 
element, and a location loop-formation multiplication means which carries out the multiplication of 
the location proportional gain to this position error. In this case, as for the position control section, 
it is desirable to have further the differentiator which differentiates a location command, the 
multiplication means which carries out the multiplication of the feed forward gain to the output of a 
differentiator, and the feed forward low pass filter which has the transfer function which removes 
the ripple by the quantization error of a location command. Moreover, the position control section 
may be constituted so that filtering of the output adding the output of a differential means to carry 
out proportional plus derivative control of the output which carried out the multiplication of the feed 
forward gain to the output of the differentiator which differentiates a location command, and this 
differentiator further, and to compensate the delay of a speed-control system, and the output of the 
multiplication means of said feed forward gain may be carried out with a feed forward low pass filter. 

[0021] 

[Embodiment of the Invention] 

Drawing 1 is the block diagram showing the configuration of the gestalt of operation of the positional 
controller of the motor of this invention. This system is equipped with Encoder E as a location 
detecting element which detects the location of the motor M which is a controlled system. The 
output of Encoder E is the position feedback which shows the location of the output shaft of a 
motor. The rate calculation section 2 is constituted so that the rate of a motor may be computed 
based on the output of Encoder E, and the output of the rate calculation section 2 serves as rate 
feedback. Rate feedback shows the rotational speed of the output shaft of Motor M. Position 
control section 1 1 A outputs a rate command, and it is constituted so that position control may be 
performed, so that the location of Motor M and location command which were fed back from the 
encoder E as a location detecting element may be in agreement. The differentiator 1 12 with which 
position control section 11A differentiates a location command with the gestalt of this operation, 
The feed forward gain multiplication means 1 13 which carries out the multiplication of the feed 
forward gain VFF to the output of a differentiator 112, The differentiator 1 1 7 which differentiates 
the output from this multiplication means 113 further, and the multiplier 1 18 which carries out the 
multiplication of the derivative gain (Ks) to an output from a differentiator 1 1 7, It has the output of a 
multiplier 1 18, the output of the feed forward gain multiplication means 113, an addition means AD 3 
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to add, and the feed forward low pass filter 114 that has the transfer function (1/0+STFF)) which 
removes the ripple by the quantization error of a location command. A proportion differential means 
to compensate the delay of a speed-control system is constituted from this example by the 
differentiator 117 and the multiplier 118. In addition, the feed forward gain VFF is usually set as 
extent 40 to 60% (0.4-0.6). And the deflection of a location command and a position feedback is 
called for with the subtraction means SB 3, and doubles this deflection location proportional gain KP 
with the location loop-formation multiplication means 111. 
[0022] 

From position control section 1 1 A, the command to which the command outputted from the location 
loop-formation multiplication means 1 1 1 and the rate feed forward command (rate FF command) 
outputted from the feed forward low pass filter 114 were added with the addition means AD 2 is 
outputted as a rate command. By carrying out proportional plus derivative control of such a feed 
forward multiplication output, the property of primary progress is acquired, the delay of a speed- 
control system is compensated, and the flattery nature to a location command can be improved. 
Furthermore, it can prevent that the ripple based on the quantization error included in a location 
command is contained in rate command itself with the feed forward low pass filter 114. 
[0023] 

A rate command turns into a torque command through the speed-control section 13. The torque 
control section 4 controls a current so that the torque as a torque command is outputted. With the 
equipment of the gestalt of this operation, the positioning settling time can be conventionally 
shortened by adding feed forward. 
[0024] 

Drawing 2 is the block diagram showing an example of the concrete configuration of the speed- 
control section 13 of drawing 1 used by this invention. By proportional-plus-integral control, the 
speed-control section 13 controls the speed by outputting a torque command so that the rate and 
rate command which were fed back from the rate calculation section 2 of drawing 1 may be in 
agreement. As shown in drawing 2 , the speed-control section 13 used with the gestalt of this 
operation is equipped with the speed-control side delay compensation low pass filter 133 which has 
a transfer function (1/(1 +STc)) equivalent to the delay of a speed-control system. Moreover, the 
speed-control section 13 searches for the velocity error of the delay rate command and the rate 
which inputted a rate command into a speed-control side delay compensation low pass filter 133, 
and obtained it with a subtraction means SB 2, and contains the multiplication means 131 which 
carries out the multiplication of the integral gain (1/Tvi) to this velocity error, the integral-control 
system which were constituted including the rate integrator 1 32 which integrates with the output of 
the multiplication means 131, and the proportional-control system which output the command 
proportional to a rate command. And the speed-control section 1 3 is further equipped with a 
multiplication means 134 to multiply what added the output of an integral control system, and the 
output of a proportional control system with the addition means AD 1 by the example gain KVP of a 
velocity ratio, and to output as a torque command. Although the above configuration is a basic 
configuration, in this example, the ripple which the quantization error and/or position error of an 
encoder (location detecting element) become a cause, and is generated is further equipped with the 
rate feedback low pass filter 135 which has the transfer function (1/0+STFB)) which prevents 
appearing in a torque command. Moreover, the proportional control system includes a subtraction 
means SB 1 to ask for the deflection of the rate after filtering which inputted the rate into the rate 
feedback low pass filter 135, and obtained it, and a rate command, in this case. 
[0025] 

In this example, the difference of what let the rate command pass to the speed-control side delay 
compensation low pass filter 133, and rate feedback is taken with the subtraction means SB 2, the 
multiplication of the rate integral gain (1/Tvi) is carried out, and it lets it pass to the rate integrator 
132. Moreover, the difference of a rate command and the thing which let rate feedback pass to the 
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rate feedback low pass filter 135 is taken with the subtraction means SB 1, and it adds with the 
output of the rate integrator 132, and the addition means AD 1. And the multiplication of the 
example gain (KVP) of a velocity ratio is carried out to the last, and a torque command is outputted 
to it 
[0026] 

The above-mentioned rate feedback low pass filter 135 is a filter which controls the ripple by the 
quantization error and position error of Encoder E. This filter is inserted only in feedback of a 
proportional control system, and the function to make it the amount of ripple not appear in a torque 
command is achieved. By the integral control system, in order that the rate integrator 132 may 
perform the smoothing effect, such a filter is unnecessary. 
[0027] 

Set up the time amount equivalent to the delay of a speed-control system, it is made for a delay 
compensation output and rate feedback to become an almost equivalent standup, the rate integrator 
132 at the time of rate command change collects, and the speed-control side delay compensation 
low pass filter 133 reduces an amount. Thus, by constituting the speed-control section 13, control 
of the ripple contained in rate feedback and the rate integrator 132 at the time of rate command 
change collect, and reduction of an amount can be attained simultaneously. 
[0028] 

In addition, when the quantization error of Encoder E is small, the rate feedback low pass filter 135 
is unnecessary. Moreover, if the speed-control side delay compensation low pass filter 133 is a 
transfer function which simulates the delay of a speed-control system, what kind of thing will be 
sufficient as it, and it will not be limited to the transfer function of the gestalt of this operation. 
[0029] 

Drawing 3 is the block diagram showing the modification of speed-control section 13'. The point 
which has multiplication means 134' of the example gain KVP of a velocity ratio in the interior of a 
proportional control system in speed-control section 13' of drawing 3 when the speed-control 
section 13 of drawing 2 and speed-control section 13' are contrasted (point inserted before the 
addition means AD 1), In order to carry out the multiplication of the example gain KVP of a velocity 
ratio to an operation value in an integral control system, a configuration is different in the former 
speed-control section 13 in that the transfer function of multiplication means 13V is changed. Even 
if such, the same operation effectiveness as the speed-control section 13 of drawing 2 can be 
acquired. 
[0030] 

Drawing 4 is the block diagram showing the modification of the gestalt of operation of drawing 1 . 
The configuration of position control section 1 1B differs from the gestalt of operation of drawing 1 , 
and in drawing 4 , the gestalt of operation of drawing 4 attaches the same sign as the sign given to 
the component of the gestalt of operation of drawing 1 , and the same element at drawing 1 , and 
the sign given to drawing 1 at the same part, and omits explanation. If the gestalt of operation of 
drawing 1 and the gestalt of operation of drawing 4 are contrasted, both are different in that the 
point that the locations of a differentiator 1 1 2 differ, and an integrator 1 1 6 and a differentiator 5 
were newly added. Namely, in this position control section 11B, the differentiator 112 which 
differentiates a location command enters before the subtraction means SB 3. The differentiator 5 
which differentiates the location detected with the position transducer is alike before the 
subtraction means SB 3. The close integrator 1 1 6 which integrates with the deflection (location 
differential deflection) of the output (what differentiated the location command) of a differentiator 
1 12, and the output (what differentiated the location) of a differentiator 5 is in the preceding 
paragraph of the location loop-formation multiplication means 1 1 1 which carries out the 
multiplication of the location proportional gain. Also according to the gestalt of this operation, the 
same effectiveness as the gestalt of operation of drawing 1 is acquired. 
[0031] 
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Drawing 5 is the block diagram of the positional controller of the motor of this invention showing the 
configuration of the gestalt of other operations further. The same sign as the sign given to drawing 1 
is given to the component of the gestalt of operation shown in drawing 1 , and the same component, 
and explanation is omitted. In addition to the requirements for a configuration of the gestalt of 
operation of drawing 1 , with the gestalt of this operation, position control section 1 1 C is further 
equipped with the position control side delay compensation low pass filter 1 15 which has a transfer 
function (1/(1 +STd)) equivalent to the delay of a speed-control system. With the gestalt of this 
operation, the position error of the location command and position feedback which passed along the 
position control side delay compensation low pass filter 115 is searched for by the subtraction 
means SB 3, and the position error is inputted into the location loop-formation multiplication means 
111. In this example, the feed forward gain VFF is set as the value near 1 or 1. 
[0032] 

The delay of a speed-control system is set to the position control side delay compensation low pass 
filter 1 1 5 as a transfer function. The transfer function of the position control side delay 
compensation low pass filter 1 1 5 is set that the output and position feedback of the position control 
side delay compensation low pass filter 115 start to the same extent. If the position control side 
delay compensation low pass filter 1 1 5 is added, the output of the location loop-formation 
multiplication means 1 1 1 of position control section 1 1C will become a quite small value. With this 
equipment, by addition of the position control side delay compensation low pass filter 1 1 5, the feed 
forward gain VFF can be raised to 100% or the value near 100% (to the value near 1 or 1), it is 
shorter than the case of the gestalt of operation of drawing 1 , comparable, or it a little, and the 
positioning settling time can be shortened. 
[0033] 

Drawing 6 shows the configuration at the time of adding the position control side delay 
compensation low pass filter 1 15 in the gestalt of operation of drawing 4 . Since other points are the 
same as the gestalt of operation of drawing 4 , explanation is omitted. 
[0034] 

The result of having carried out simulation of the position control actuation when inserting the 
speed-control side delay compensation low pass filter 133, and setting feed forward gain to 0 in the 
gestalt of operation of drawing 1 and drawing 2 to drawing 10 is shown. It turns out that a rate 
integrator collects as compared with the conventional example of drawing 7 , and the amount is 
close to 0. Moreover, the result of having carried out simulation of the position control actuation 
when a derivative gain setting to 0 in the conditions of drawing 10 , and making feed forward gain 
into 100% to drawing 1 1 is shown. When it does in this way, it turns out that the amount of 
transients overshoot of a location becomes large. And the result of having carried out simulation of 
the position control actuation when putting in a derivative gain in the conditions of drawing 1 1 to 
drawing 12 is shown. Even when feed forward gain is made 100% from drawing 12 as compared with 
drawing 1 1 , it turns out that the amount of transients overshoot becomes less. The result of having 
carried out simulation of the position control actuation when inserting the position control side delay 
compensation low pass filter 1 1 5 to drawing 13 like the configuration of drawing 5 in the conditions 
of drawing 1 1 is shown. Also in the case of drawing 13 , it turns out that the amount of transients 
overshoot is decreasing as compared with drawing 1 1 . Furthermore, the result of having carried out 
simulation of the position control actuation when putting in a derivative gain on condition that 
drawing 13 is shown in drawing 14 . In drawing 14 , the rate command from the position control 
machine at the time of acceleration and deceleration is about 0, and it turns out that a transient 
overshoot is small as for 100%, and flattery nature is greatly improved in feed forward gain. 
Eventually, it turns out that the position error at the time of fixed ** is decreasing to about about 1 
when making 50% feed forward gain of the conventional example shown in drawing 8 / 2, and flattery 
nature improves twice [ about ] as compared with the former. 
[0035] 
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[Effect of the Invention] 

According to this invention, by carrying out proportional plus derivative control of the feed forward 
multiplication output in the position control section, the property of primary progress is acquired, 
the delay of a speed-control system is compensated, and there is an advantage which can improve 
the flattery nature to a location command. Moreover, if the speed-control side delay compensation 
low pass filter is used, deflection of the rate command with the delay equivalent to the delay of a 
speed-control system and the rate of the rate feedback which is actually late can be made into the 
thing near zero, a rate integrator will collect, and an amount will be mostly made to zero. Moreover, 
there is an advantage which can constitute the small control system of a transient overshoot even 
when raising feed forward gain to 100%, can realize position control which raised flattery nature 
more, and can realize more nearly high-speed flattery nature. 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the gestalt of operation of the 
positional controller of the motor of this invention. 

[Drawing 2] It is the block diagram showing an example of the concrete configuration of the speed- 
control section used by this invention. 

[Drawing 3] It is the block diagram showing an example of the concrete configuration of other 
speed-control sections used by this invention. 

[Drawing 4] It is the block diagram showing the configuration of the gestalt of other operations of 
the positional controller of the motor of this invention. 

[Drawing 5] It is the block diagram of the positional controller of the motor of this invention showing 
the configuration of the gestalt of other operations further. 

[Drawing 6] It is the block diagram of the positional controller of the motor of this invention showing 
the configuration of the gestalt of other operations further. 

[Drawing 7] It is drawing showing the result of having carried out simulation of the position control 
actuation when making feed forward gain in the conventional positional controller into 0%. 
[Drawing 8] It is drawing showing the result in which the position control actuation when making 
feed forward gain in the conventional positional controller into 50% carried out simulation. 
[Drawing 9] It is drawing showing the result of having carried out simulation of the position control 
actuation when making feed forward gain in the conventional positional controller into 100%. 
[Drawing 10] In the gestalt of operation of drawing 1 and drawing 2 , it is drawing showing the result 
of having carried out simulation of the position control actuation when inserting a speed-control 
side delay compensation low pass filter, and setting feed forward gain to 0. 

[Drawing 1 1] It is drawing showing the result of having carried out simulation of the position control 
actuation when a derivative gain setting to 0 in the conditions of drawing 10 , and making feed 
forward gain into 100%. 

[Drawing 12] It is drawing showing the result in which the position control actuation when putting in 
a derivative gain in the conditions of drawing 1 1 carried out simulation. 

[Drawing 13] In the conditions of drawing 1 1 , it is drawing showing the result of having carried out 
simulation of the position control actuation when inserting a position control side delay 
compensation low pass filter like the configuration of drawing 5 . 

[Drawing 14] It is drawing showing the result of having carried out simulation of the position control 
actuation when putting in a derivative gain in the conditions of drawing 13 . 

[Drawing 15] It is drawing showing the configuration of the positional controller of the conventional 
motor. 

[Drawing 16] It is the block diagram showing the configuration of the conventional speed-control 
section. 

[Description of Notations] 
13 13' Speed-control section 
2 Rate Calculation Section 
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4 Torque Control Section 

II A, 11B, 11C, 11D Position control section 
SB1, SB2 f SB3 Subtraction means 

KP Location proportional gain 
KS Derivative gain 

KVP Example gain of a velocity ratio 
VFF Feed forward gain 

I I I Location Loop-Formation Multiplication Means 
5,112,117 Differentiator 

113,131,134,131', 134' Multiplication means 

1 1 4 Feed Forward Low Pass Filter 

115 Position Control Side Delay Compensation Low Pass Filter 
110,116 Integrator 

1 32 Rate Integrator 

133 Speed-Control Side Delay Compensation Low Pass Filter 
135 Rate Feedback Low Pass Filter 

AD1, AD2, AD3 Addition means 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the gestalt of operation of the 
positional controller of the motor of this invention. 

[Drawing 2] It is the block diagram showing an example of the concrete configuration of the speed- 
control section used by this invention. 

[Drawing 3] It is the block diagram showing an example of the concrete configuration of other 
speed-control sections used by this invention. 

[Drawing 4] It is the block diagram showing the configuration of the gestalt of other operations of 
the positional controller of the motor of this invention. 

[Drawing 5] It is the block diagram of the positional controller of the motor of this invention showing 
the configuration of the gestalt of other operations further. 

[Drawing 6] It is the block diagram of the positional controller of the motor of this invention showing 
the configuration of the gestalt of other operations further. 

[Drawing 7] It is drawing showing the result of having carried out simulation of the position control 
actuation when making feed forward gain in the conventional positional controller into 0%. 
[ Drawing 8] It is drawing showing the result in which the position control actuation when making 
feed forward gain in the conventional positional controller into 50% carried out simulation. 
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[Drawing 9] It is drawing showing the result of having carried out simulation of the position control 
actuation when making feed forward gain in the conventional positional controller into 100%. 
[Drawing 10] In the gestalt of operation of drawing 1 and drawing 2 , it is drawing showing the result 
of having carried out simulation of the position control actuation when inserting a speed-control 
side delay compensation low pass filter, and setting feed forward gain to 0. 

[Drawing 1 1] It is drawing showing the result of having carried out simulation of the position control 
actuation when a derivative gain setting to 0 in the conditions of drawing 10 , and making feed 
forward gain into 100%. 

[Drawing 12] It is drawing showing the result in which the position control actuation when putting in 
a derivative gain in the conditions of drawing 1 1 carried out simulation. 

[Drawing 13] In the conditions of drawing 1 1 , it is drawing showing the result of having carried out 
simulation of the position control actuation when inserting a position control side delay 
compensation low pass filter like the configuration of drawing 5 . 

[Drawing 14] It is drawing showing the result of having carried out simulation of the position control 
actuation when putting in a derivative gain in the conditions of drawing 13 . 

[Drawing 15] It is drawing showing the configuration of the positional controller of the conventional 
motor. 

[Drawing 16] It is the block diagram showing the configuration of the conventional speed-control 
section. 

[Description of Notations] 
13 13'speed-control section 
2 Rate Calculation Section 
4 Torque Control Section 

II A, 11B, 11C, 1 1 D Position control section 
SB1, SB2, SB3 Subtraction means 

KP Location proportional gain 
KS Derivative gain 

KVP Example gain of a velocity ratio 
VFF Feed forward gain 

I I I Location Loop-Formation Multiplication Means 
5,112,117 Differentiator 

113,131,134,131', 134' Multiplication means 

1 1 4 Feed Forward Low Pass Filter 

115 Position Control Side Delay Compensation Low Pass Filter 
110,116 Integrator 

132 Rate Integrator 

133 Speed-Control Side Delay Compensation Low Pass Filter 
135 Rate Feedback Low Pass Filter 

AD1, AD2, AD3 Addition means 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 1 01 
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[Drawing 1 11 
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[Drawing 12] 
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[Drawing 131 
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[Drawing 14] 
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[Drawing 15] 
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itJtfrj^oBtFTOgaMgTLTfcy, z;Hic£oT^f-/<— v^— b*<£i:T^f:= 0 ki±tf>£9 

0%£T*±il£i*£Z£;b<^£#frof-o ZOtztb* &V£te.0>ft±lzl*mmrf&Z>tl^mmtf&'3 

tZo 

[0012] 

*^§Bj(7)@6<][i % ^(DP^a^«L^— K:7*-7-K-^>£ioo%fre±#£t!-3c<t£pr 

[0013] 

[^H^^-T'SfctfxD^IS] 

te^t,(ia^mffiA^7<-K/^**if=^— ^©fiat<4a^t*<-&r*«kdiciSftj&^$ 
maLT&aiMra^atiaiMfflisii^ it«»#»j»ic«fcy % ^jsjtifisp^p,^— K/^^*if= 

[0014] 

**i8oea*]pffl(4»fiam^tfia«m»jw<fcy«ttiLfcfia«t©<aaflM$*«)'5a«ii:^ 
eafi^iwtiatbffiiy-ossfejt-r^OT^-^siijt^ia:^. fia»***»-r*«»» 

^aii%<7)fi^<b^MiCck^y^;^^-r'S>fssK^^LT. jt^tt^aco 
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[0015] 

3>tnffi\zmftxi^&&-?j— K/ ^^coiiJt^fiM^-tf p iz&^ : b(Dt?z>zLtrfx$x % mm 

[0016] 

t£l*. C<DiiS1M{|i]i!;KM(lP-^ 

^^^fe«Kia$^^^iia$iJ^ffliJ«tLM«p-/^X3'^;u^^0^<t«^^<h(D^iciBgL. 

&a*yfflffiiii;MSttn-/<x^^ 

[0017] 

C<DJ:^ci:{ia$iJMiJil*tMmP-/^^;^^iglt-5Z<»:lcJ:y. *Pil^fc*5L%ri4S*JfflJ§Plc 

-So 

[0018] 

mmfrffimn-,<*74Jis$t.&mtt&&&mmmm*imma— ^xy^j^zxtsLxmtzm 

mmm^tmmt(DmmMm^m^r^mmm^^^xmm^tzm^mm^t.mm^ 

^t&mt<»mz&mLtzftttmtt&)kMMW&t.mftwm&<o&tit&m 

$ljmiJiitLMi»P-^X^yU^^fflLNHl*.i$JtflJ^^(7)Jl^fCffi^«®tl^ofc^m^ 
<tH^ICiltin^igJg^— hV^^ilJg < !:CDii^[i-^Plz5St^^,(7) < !r^f'i>o J e(7)fc^6i^^«^ 

ii(D;g*yM^i5i^picLT.-(iam^ic^-r^)ii^ , tt^#'c^o 

[0019] 

-?ji,tf&mz>4— f/w\z^ti^t^^ 0 ^zx^o^^m^izn^^tzMz\t.i^m^ 
\h^<omi-\tmmi^xsymz\t^mmmt>mmtt^x%±-t^yyy)^i3<. nvtm^izmtiz 

^iztt.mm^mm^-f/<^-n-/^y^j^izx^Lxmtzy^)^mm^commtmm^ 

[0020] 

ea^jOTii. i^mm^ti^m^Himz^maiLtzi^mt<Ditmm^^isbi>mn^t. ca> 
itmmmzitLmttm^^>^m^^m^-ymw-^t^mmr^<DmT^Li\z(Dm^ 
iztsi^x. &mmwmt. itm.m^WL^i-^>m y A^t. m^cotatuzy^— k^*- K-y-r 
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^(Dthtst^uMLtzthti^z?^— r>— K-p— /^y^j^izMy^j^mm-t^^lz 

[0021] 

Mil*. ^mBm^—^(0itmum^m<Dmmmmmn^yr^^oy^mvh^ o zo>**xtj* 
Eoft*iz&^x^-$<D&m&nih?&&?\zm&£ftxtev.mmMftm2(D^ 

SH1 1 Ali. ftg&aia^LTCDx^zi— £*Efr£>^— K/ £Mtf)teM<!:{£fi*iT^<!:^ 
Ml 1 8<Dtb*t74-b'7*-rJ-\t'?'(>mn^®'l 1 3(D{±J^<i:7jng:-r-S7JPm¥lgAD3^. <i 

stt^^a^^^Micfe-su^u^^^-rseiiggia ( 1 / c 1 + st ff ) ) ^-rs^-f-K?*- ? 
m&<DmK£ffim?zttMMft^mmtfL£*ixi^ 0 tztsmn. y^-vz?*- ^-K-y-ovFF 

l£40~60%(0. 4-0. 6)SJSlC»3t**l*.-tLT(i«#B^M7-f— K/^o>««tt.*J|[ 
¥®SB3T?#tf>t>*U Z(D(IM$fia;U— ^Ifelt^Sl 1 1 T*{£Btfc#]^V>KPf£t-£o 
[0022] 

/^^^^114^&a***LfciSlt^-K7*-'7-Km^(iSSFFj&^)tA<JP3t^SAD2-e 
An^$tl^^^7?)^SJi^<J:LTili73^-5o-<Dc):5^^-K^^-'7— Kft*ttt4l$ttftlflk#in 

£3fc#T*£6„ MK:?*— K^a— -7— K-P-/^^u^H4lc«fcy.i4SJi%ic#*^a^b^ 

[0023] 
[0024] 

M2I*. *^BJ^fflt^^Mla>Mfli^13^De<*W/J:m^cD-^^^p^^la^fe^o iiJg 
iigfrJM 1 3 ii^flJ^J^(7>Jl^lc4g ^-f &f£iillfj& (1/(1+ STc) ) £*Tf &i£Jt flJMJil 

*tMi«p-/N o x^;u^i33^ii^Ti^ 0 *fcM«H»spi3tt. mmtt&mmftmmmtitfim 
o-^7.y^J^^33^zxtsLxntzmmmm^tmmt(D^mim^mM^sB2x^.ib^ 
«)^iiMica^v>(i/Tvi)^^^m^isi3i<t.^^i3icDai*$a^r^ii 
sw^st 1 32^^^i/s^tt^w^$fj^p^«i:. ^^izttmLtz^^ihti-t^ttmummt 

15in^Lfct(Dlz^JtJ±^J^>KVP^i:rh;U^^«!:Lrtb^^>5.^^ISl34^Ml3il^ 

/*f-fi{4a^^H<!:^r^^-r>5,u^;uA<. h)[,5m^izmtiz><D&m±-?&fcmm$i 

(1/(1 +ST FB ) ) ^W-T^iiJS^— K/ < ^ • □-/ \°X?-f 1 35^M«^r £frC<Di§ 

<»&fgtmm%^t<Dmm&>£6b&m^®LSB'i£<£&x^z> 0 

[0025] 
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zomvit. &&mttmmftmmm*i&mn—/<*74)\,$i 33\zmLtz%<Dtmm74-f/\v 
^i&sBiTNty.i§j£»^i32<Daj;fo<tflDir^^ 

[0026] 
[0027] 

si 32©ay*$«3«-r4o c©«fc5icjiJS«iffli»i 3^«fifc-r-szticj:y H &j£3?*f— K/^jc^ 

[0028] 
[0029] 

M3(i. iSggWi S'cD^ff^J^jF-T^p^m-efe'So M2(DilJtf)J^P$Pi 3<!:ilJt*JWi3' 
tZtttttZt. M3roMfi|Mi 3'riiilJ£J±#J^>KVPCD§j|g:^-f£i 34'j&<Jt0«*«JtfP5fca) 

[0030] 

1 1 6tmftm5tmf\tziz&ijQ£titz&x'n%ittem-?& 0 -?uio%^(D$Lm.mm^ i bx&, & 

1 1 2^Ms:^issB3(7)Hui^Ay s iia^aiS-e^tiiL^iia^^-r^ 

[0031] 

M5(i, *#PJ<D^-£(DteBfrJ^a<DSfcfii!<Z)^ M 
l\Z7^Ltzmm<Dmmcommmmtmm<Dmf^Wmizlt,mi^nLtz^tmCW^nLXm 

*BiU^-*fiitiia»(i/(i +sTd))^^-r^><4afijM'jiitiisiip-/N o x^;u^i i5^{4fi$ij^ 

$01 1CA<MIC{i^TLN^ 0 C(7>H]^(Dff^T:i±, &B1W»flyii;txtt«P— /*X^/k$M 1 5$®o 

fctfram^tea?*— h^wt<Dikmmmt)mm^^sB3iz^im^p 3 H.itm.im^itm.j^ 

[0032] 

-So (4a$«jffli{|ijiiHM<ip— /U7<;^1 1 5<oia titikmy-f— F'\vott><mmmz±ib±tfz> 
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mn-sixyjjisZi 1 5$&m?z>t. ftsfrjwi iccd<4s;u— z?mm^m 1 1 athtoitfr&y) 

it— 9— K-^>VFF^100%^fcl*100%fCiSLNM^-T?(1*fcli1lCifiL^^-e)±lf^C<»:^ 

[0033] 

[0034] 

Mioicii. MlSi;M2(Dl|]M5CDff$S«cfcLNT. iiJ£#JfWfl0g*Lffi«n— /\°x^r;k$n 33£*iA 
LMo^-K?*-7-K-^>£0lcLf::<!:£(Z)tiafrJ^ 

MlO(D^#[cfcl\T0^V>liO<tL. ^-f-K?*— V—F-f-O&IOOo/otLtztZCDtiLWL 

0%lcLfcii^^W— /<— V2- ha^M-S-^A^^^o Mll^^l^fct^T. 05 

CDftJ&tf) iaafflfaffllSftttttP— /<;V7-r;u*1 1 5£^ALfr£#<D{£B$i]#PIJjffc£:>5:i 

LW&<D##fr&<, ££lz |gh4 lzl^ ai3(7>^^r^^y-<>^A^fc<t^(7){ig*J^ii!)^v 

5zLb-v3>L/--$gm^^To mirei*. mm&&<j)iiLmnm&fr*(D&min^rfim£o\ztj:'ox 

-K-^>£50%lcLfoh#<D*ln/2;gJg3r«^ 
[0035] 

[SP^a^H] 

^bsic^i^ Mftijffliaj-e^— 7— K*itai*$Jtfiij«»*ijfflii-'Sctic«fcy % 

#t*#, ^ffi»^so>a*ya^i5(^-ifpizT?#-6„ i^^-K^*— 7— K-y>r>£i oo%iz± 
[ms^ffiWcfisfeB^] 

[m]^^0J^^-^(7){4afij^aa)ii]^(D^s<7>^^^^p^iii-efe^o 

[M3] BJ Tffl t ^&m<D W (7>m<* 6*J&:«fi£<D -#J£ P ^Hl T*&>& 0 
v5zLU-v3>Lfc$g^^-rH-Cfe^>o 

[M8]fife3l5a)ttaiMffl>SiafwteCt'5^-<— K?*— 7— K-y^>£50%£Lfc£^CD{£aftJ®li!)fE 
(7) U— ->3 > Ui$S^£ ^"T HTfe^ o 

[M9]^*(D{iafiJ^P^Mlcfclt^^— K?*— 7— K-^>£lOO%£L7c<!:#(Z>{£afrJi8»»fE 

">3>Lfc^m^-rni'rfe>5)o 

[M!0]Ml^t/M20)ll«g<DM(zfcLN-c.jiJt$«jap{l!lil^fiSP— /^^;u^^»ALjao7 

imnimiQotkmztsi^xmft'f'OitotL. u—p?*— 9— K-y-osi oo%tLtzt$(D 



file://C:\Documents and Settings\PasosY\My Documents\JPO\JP-A-2004-288012.html 



7/26/2006 



J?-A-2004-288012 



Page 10 of 18 



[Mi2]mii^w^fci % T^#y^>£A;txfc<^ 

iMA3}miio>mmz^x. msomf&o)*?^ i^mummm^mo-/^y^ juz&m al 

[Mi4]mi3jz>i£m::^T^^>£A^ 
7f;-?mx&&o 

imi5Y&*<»^-*<»frmft\mmw(Dffij&£ttmx&z> 0 

13, 13' &mmwn 
2 isjtffmsu 

I I A. 1 1 B, 1 1 C. 1 1 D &.WV\'0U 
SB1, SB2, SB3 WLU^fSL 

kp fetMy^ 

KS ^^>trV> 

KVP ilJ£J±#J^V> 

VFF K7^— 7— K->rV> 

I I I itLM^-^mU 
5. 112, 117 ftfe^fg 

113, 131, 134. 131', 134' ^^3M£ 

1 14 K?*— 7— K-p— /-vx^;^ 

1 1 5 itLwmwmm*iffimn-/<x74)i,$ 
110,116 mst& 

1 32 i^Jltfii^iHf 

133 miimmmmtiffimn-,<*z7*ji,$ 

135 K/^-7-p— /*x^r;u£ 

AD1, AD2, AD3 flO^IS 



imi^mBM(o^—^(Di^mv\m^m<ommmm(Dm^m^yov<7mx^ 0 
[mz^n^xmi^mmmmuo^mmn^-m^^uvomx^o 

im^i^&wo^— *<Di>Lmmw££w<Dte(Dnm<DMm(Dm!&$ttz?ny?mxfoz> 0 
[M5]*3pjcd^— ^(Ditmmm^m(omizm(Dmmmm(Dmm^7r:rzfn^mx^ 0 
im6^mm<D=E— ^(Ditmnm^mcowi^omm^mom^m-rya^mx^o 

(?) vs^l u— i > 3 > Ltc$g^^^-r mx$>z> o 

[MiQiais t/^2 ronicDif^ iztsi^x , & j£ mi p -/ *x^;u$£jf a 

^-K:7*-r7-K-^>£OlcLf::£#(Z>{MM 

[MU_]MlQCD^^(zfcLN-cm^'1'>l*0<!:L, K^j— *7— K-<r >£1 00%tLtzt£<D 

G.wMmmft&iss.o.u— is3>Ltz$gm&*?mx&& 0 
[Mi2jmii0>=£w^fc^T^>7^ 
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13, 13' &&$mm 

2 iiJgJtaiSli 

4 h;i/<7$IJM 

1 1 A, 1 1 B, 1 1 C. 1 1 D itWUfflU 
SB1. SB2, SB3 MS^IS 

kp eitb^jy-o 
ks «^y-r> 
kvp isjsjt«yy-f> 

VFF 7*— K7:j— 9— K-y-f> 

1 1 1 tfc«;P-^**^« 

5, 112, 117«|»S 

113, 131, 134, 131', 134' 3fej£?& 

1 14 7^— K^— r?— K-p— /U7-f^$ 

1 1 5 iigfiJMiJiinii«p-/N 0 x^;u^ 

110,116 «#§f 
132 

133 M$iJWJiltiia«p-/N 0 X7'-<;^ 
135 iie^-f— K/^-p— /<x^-r;u5» 

AD1, AD2, AD3 JlD^fS: 
HIM 



[Ml] 
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[M2] 



133 HSMHH 



$B2 



asm*— ^ 

SB! 



'^7=7 



131 J,32 13 

{ 



a AD I 1 



34 




[^14] 
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